paraformaldehyde in PBS at 4°C for 10 min, they were rinsed in
Materials and methods
PBS and bi-distilled water and dehydrated through an ethanol series.
Preimplantation embryos
The probes were added under a coverslip and the probe and nuclear Embryos were obtained from patients undergoing an in-vitro fertiliza-DNA were denatured simultaneously at 73°C for 3 min and left to tion (IVF) treatment at our centre, with or without intracytoplasmic hybridize at 37°C for 3 h in a moist chamber. Post-hybridization sperm injection (ICSI). The majority of the embryos (n ϭ 98) were washes consisted of 5 min in 60% formamide/2 ϫ sodium chloride/ obtained after ICSI.
sodium citrate (SSC) at 44°C, 5 min in 2 ϫ SSC at 44°C and a 5 min On day 1 after ICSI or insemination, the number of pronuclei per wash in 4 ϫ SSC/0.05% Tween 20 at room temperature. After zygote was scored. On days 2 and 3 the embryos were graded dehydration the slides were counterstained and mounted in Vectashield according to a score based on the equality of the size and degree of (Vector Laboratories, Burlingame, USA) antifade medium containing fragmentation of their blastomeres. Embryos without anucleated 1 ng/ml 4Ј,6-diamidino-2-phenylindole (DAPI) to counterstain the fragments and equally sized blastomeres were scored as type I.
nuclei. Images were recorded using a Leitz epifluorescence microscope Embryos with either some anucleated fragments (Ͻ10%) or with fitted with a black and white CCD camera (Sony IMAC-CCD S30) unequally sized blastomeres were scored as type I-II. Embryos with and dedicated software (ISIS, MetaSystems, Sandhausen, Germany). unequally sized blastomeres and with either Ͻ20%, 50% or more than 50% anucleated fragments were respectively classified as type
Results
II, II-III, and III. Only embryos of type II-III and III were used in this study.
Control lymphocytes
A total of 200 male lymphocytes were examined with the Embryo spreading probes for chromosome X, Y and 1 and 99% of them gave Embryos were spread as described previously for mouse embryos positive signals. All were normal XY11 except for 5% of the (Coonen et al., 1994) and whole human embryos (Harper et al., nuclei, in which the number of hybridization signals differed 1994). In brief, all cumulus cells were removed by gentle pipetting and the embryo was transferred to a small drop of spreading solution from the expected XY11. nuclei) exhibiting signals for the three probes are summarized in Table I . Altogether 54 embryos were diploid and 39 of Control lymphocyte analysis them were uniformly XX11 or XY11, two embryos showed
The efficiency of the FISH procedure was tested using metaphase either a non-disjunction or a double non-disjunction and 13 chromosomes and interphase nuclei from lymphocytes. They were embryos were aneuploid (Turner, XXYY-syndrome, trisomy prepared after stimulation of the cells with phytohaemagglutinin 1, Klinefelter and XYY-syndrome). Figure 1b shows trisomy (PHA) (Difco Laboratories, Detroit, USA) and synchronization with thymine (Sigma, Belgium) (Gosden et al., 1992) . After treatment 1 in a human male embryonic nucleus and Figure 1a shows a with 0.075 M KCl the cells were fixed with three changes of Carnoy's XXY-complement in a human nucleus. Nine embryos were solution (methanol-acetic acid 3:1) and dropped onto methanoleither haploid (n ϭ 2), triploid (n ϭ 2) or tetraploid (n ϭ 5).
washed slides and stored at Ϫ20°C until use.
Twelve embryos were classified as highly abnormal or chaotic (Harper et al., 1994) as the majority of nuclei showed various Directly labelled human DNA probes abnormalities; 22 embryos showed a mosaicism, in some Probes used in this study were pBamX.5, alphoid probe (insert cases combined with aneuploidy (Turner-mosaicism, XXYYsize 2.0 kb), specific for the centromeric region of the human X mosaicism) or non-disjunction. The type of mosaicism varied chromosome (Willard et al., 1983) ; pUC1.77, satellite III probe (insert from simple to complex mosaicism. Especially diploid and size 1.77 kb), specific for the centromeric region of chromosome 1 tetraploid cell lines were involved in some of the mosaicisms. (Cooke and Hindley, 1979) and pY3.4, satellite probe (insert size Out of 23 mosaic embryos, 11 contained 2n/4n cell lines.
2.1 kb), specific for the heterochromatic region on the q arm of the On day 2 after ICSI or insemination, embryo quality and Y chromosome (Cooke et al., 1982) . The probes were a gift from the department of Medical Genetics, University Hospital, Gent. All also multinucleation were assessed. Out of 97 embryos, 41 IVF and ICSI are shown in Table II . On this small number of embryos we could not detect a statistically significant difference FISH regarding the number of normal diploid embryos obtained FISH was performed as described previously (Harper et al., 1994) after IVF versus ICSI . There was also no statistically significant with the following modifications. The slides were incubated with difference between the numbers of abnormal (aneuploid, pepsin (100 µg/ml; Solva, Heidelberg, Germany) for 20 min at 37°C, rinsed in bi-distilled water and PBS. After fixation in 1% mosaic, chaotic) embryos after routine IVF versus ICSI. normal monospermic embryos for respectively the sex chromo- as well as in normally developing embryos. Our results suggest that there is no statistically significant difference in chromosomal abnormalities between embryos Discussion obtained after routine IVF and embryos obtained after ICSI, although the number of embryos is rather small. This is in There are a limited number of studies reporting on chromosomal abnormalities of preimplantation human embryos using agreement with Munné et al. (1995c) who compared the incidence and type of chromosome abnormalities in embryos FISH. Munné and coworkers published four studies about chromosomal aberrations in human preimplantation embryos resulting from IVF and ICSI and also observed a trend to a higher incidence of chromosome disorders after ICSI although (Munné et al., 1993 (Munné et al., , 1994 (Munné et al., , 1995a (Munné et al., , 1995b . In the first and second study they investigated respectively 10 and 117 the number of data was also rather small. This is in accordance with the proportion of early pregnancy loss after ICSI as well morphologically normal and 20 and 163 abnormally developing monospermic embryos for chromosomes X, Y, 18 and 13/21 as conventional IVF, which varies between 20 and 27% (Testart et al., 1992; Rufat et al., 1994; Wisanto et al., 1995) . combined. Less than 40% of normal or abnormal embryos were uniformly diploid. The frequency of mosaicism varied Coulam et al. (1996) also recently compared the pregnancy loss after ICSI and IVF and concluded that ICSI does not lead between 17% for normal to 28% for abnormally developing embryos. This is in agreement with the results of the present to an increase in pregnancy loss. This is further in agreement with the paediatric follow-up after ICSI. Bonduelle et al. study (39% were normal diploid and 23% were mosaic). Approximately the same figures were obtained in their third (1995, 1996) compared the follow-up of respectively 130 and 423 children born after ICSI and 130 children born after study, where FISH was performed for chromosomes X, Y, 16 and 18. In the fourth study 524 embryos were analysed for conventional IVF and concluded that there was no statistically significant difference in paediatric follow-up after ICSI, regardeither chromosomes X, Y, 18 and 13/21 or X, Y, 16 and 18. The normal diploidy frequency for the investigated chromosomes ing the incidence of chromosomal aberrations or congenital malformations. However, the observed increased incidence in varied from 23% for arrested embryos, 29% for slowly developing or fragmented embryos to 42.5% for embryos with chromosomal anomalies in ICSI embryos as compared to IVF embryos may well correlate with the increased incidence of sex good morphology. The remaining embryos were chromosomally abnormal and showed aneuploidy or mosaicism. A chromosome anomalies, as has been reported from karyotype analysis at amniocentesis of ICSI pregnancies (In't Veld study published by Harper et al. (1995) investigated the incidence of abnormalities in 34 and 35 morphologically et al., 1995) . In the present study three embryos (nine nuclei) showed The incidence of chromosomal abnormalities varies from 0.6% in live births (Nielsen, 1975) , 6% in stillborn children uniformly trisomy 1. This trisomy has never been observed in spontaneous abortions but has once been reported in an 8-cell (Machin and Crolla, 1974) , 60% in spontaneous abortions (Boué and Boué, 1976 ) to more than 60% in human preembryo (Watt et al., 1987) . Trisomy 1 thus seems to be an early lethal anomaly that probably prevents implantation or implantation embryos. It can be presumed that this figure still underestimates the true incidence of chromosomal early fetal development in the uterus. 423 children born after intracytoplasmic sperm injection. Hum. Reprod., 11, 1558-1564. findings from chromosome 1 and the sex chromosomes were Handyside, A.H. (1996) Preimplantation genetic diagnosis today. Hum.
to be extended to the other chromosomes, this would leave Reprod. Fertil., 98, [549] [550] [551] [552] [553] [554] [555] [556] [557] [558] aneuploidy or that aneuploidy affects groups of chromosomes, Harper, J.C., Coonen, E., Ramaekers, F.C. S. et al. (1994) Identification of the so that embryos aneuploid for chromosome 1 will also be sex of human preimplantation embryos in two hours using an improved spreading method and fluorescent in-situ hybridization (FISH) using directly abnormal for other chromosomes. More extensive studies using Reprod., 11, 1492 Reprod., 11, -1498 and in seven cases chromosomal abnormalities were found to Machin, G.A. and Crolla, J.A. (1974) Chromosome constitution of 500 infants dying during the prenatal period. Humangenetik, 23, 183-198. be confined exclusively to the placenta. Munné, S. and Cohen, J. (1993) Unsuitability of multinucleated human
In conclusion, the present study confirms the high blastomeres for preimplantion genetic diagnosis. Hum. Reprod., 8, incidence of numerical chromosomal abnormalities in human 1120-1125. preimplantation embryos. It seems moreover that the incidence Munné, S., Lee, A., Rozenwaks, Z. et al. (1993) Diagnosis of major chromosome aneuploidies in human preimplantation embryos. Hum. Reprod., 8, of trisomy 1 is not higher than the incidence reported for other 2185-2191. chromosomes. Although this study has made use of only poor Munné, S., Weier, H.U.G., Grifo, J. et al. (1994) Chromosome mosaicism in quality embryos, our results indicate that natural selection human embryos. Biol. Reprod., 51, [373] [374] [375] [376] [377] [378] [379] is at the origin of the low implantation rates of human 
